Key words: lung cancer, postobstructive pneumonia, mortality, morbidity, prognosis cancer invasion of it, sometimes makes surgical procedures difficult. Some cases also have poor general conditions. To our knowledge, there is no information in the literature on the results of surgery for lung cancer associated with postobstructive pneumonia. In the present study, we report morbidity and mortality in such patients and analyze the risk factors for them. We also analyze prognostic factors for overall 5-year survival of patients without mortality.
Introduction
Postobstructive pneumonia usually develops because of lung cancer. Most patients with lung cancer associated with postobstructive pneumonia are nonoperable and incurable at the time of initial presentation. 1) Moreover, severe fibrous adhesion to the adjacent organ system, or pneumonia in their medical records, but 3 were excluded from the present study because of the lack of a detailed clinical background. Therefore 38 patients, including 33 males and 5 females, were analyzed in the present study. All patients were treated with antibiotics after a diagnosis of postobstructive pneumonia. The mean interval between the onset of postobstructive pneumonia and surgery was 45 days (range, 4-111 days). Thirty-four patients underwent lung resection by posterolateral thoracotomy and 4 by video-assisted thoracoscopic surgery. Fourteen patients (40%) underwent pneumonectomy, 9 (29%) underwent bilobectomy, 8 (25%) underwent lobectomy, and 2 (5%) underwent segmentectomy. A bronchoplasty was performed on 5 patients (sleeve bilobectomy: 2; sleeve lobectomy: 2; and sleeve pneumonectomy: 1). Combined resection was performed on the pericardium in 6 patients, the chest wall in 4, the truncus of the pulmonary artery, left atrium, and aorta in 2, and the diaphragm and innominate vein in 1. Nineteen patients (50%) had pathological stage III disease, 12 (32%) had stage I disease, 6 (16%) had stage II disease, and 1 (2%) had stage IV disease. Twenty-seven patients (71%) had squamous cell carcinoma, 8 (20%) had adenocarcinoma, 1 (3%) had large cell carcinoma, 1 (3%) had carcinoid, and 1 (3%) had mucoepidermoid carcinoma.
Anemia was defined according to World Health Organization (WHO) criteria as hemoglobin concentration less than 13.0 g/dl in a male and less than 12.0 g/dl in a female. Twenty-five patients (66%) had anemia before surgery, but only 4 had hemoptyses and hemosputa. Twenty-four of 25 anemic patients had normocytic normochromic anemia, and 1 had microcytic hypochlomic anemia. The mean hemoglobin concentration of all patients with postobstructive pneumonia was 12.4 g/dl (range, 7.9-17.3 g/dl). No patients were transfused before surgery.
The postoperative pulmonary functions were predicted according to a simplified system, which we developed using plain chest roentgenograms of patients with primary lung cancer.
2) The predicted postoperative forced expiratory volume in 1 second (ppoFEV 1.0 ) is (42-R)/(42-T) × preoperative FEV 1.0 , where R is the number of subsegments scheduled for lung resection and T is the number of subsegments showing atelectasis or postobstructive pneumonia.
2)
The lung cancers of all patients were staged pathologically according to the International Union against Cancer system.
3)
Mortality was defined as death occurring during the hospitalization period following surgery. 4) Morbidity in this study was defined as complications that occurred during the hospitalization period after surgery 4) and included pneumonia, respiratory failure necessitating mechanical ventilation for more than 48 hours, bronchopulmonary artery fistula, bronchopleural fistula (BPF), a prolonged air leakage of more than 7 days from the chest drain, acute myocardial infarction, and cerebral infarction.
Statistical analyses were performed between patients with and without morbidity and between patients with and without mortality, using the StatView 5.0J software package (SAS Institute, Inc., Cary, NC) and SPSS 10.0 software package (SPSS, Inc., Chicago, IL). Univariate analyses between the groups were performed by means of unpaired two-tailed t tests or the chi-square test, using age, sex, body mass index (BMI), smoking history (smoker and ex-smoker vs. nonsmoker), number of cigarette pack-years, serum albumin concentration and hemoglobin concentration before surgery, performance status (PS) before surgery (PS 0, 1 vs. 2, 3), and partial pressure of oxygen and carbon dioxide at pulmonary artery before surgery (PaO 2 and PaCO 2 ), ppoFEV 1 For statistical analyses of prognostic factors for the overall survival of patients without mortality, we partitioned the patients by age (above or below the median of 63 years), sex, BMI (above or below the median of 22.7 kg/m 2 ), number of cigarette pack-years (above or below the median of 45), serum albumin concentration (above or below the median of 3.6 g/dl), and hemoglobin concentration (above or below the median of 12.5 g/dl) before surgery, PS before surgery (0, 1 vs. 2, 3), partial pressure of oxygen (above or below the median of 83.6 mmHg), and carbon dioxide (above or below the median of 39.0 mmHg) at pulmonary artery before surgery (PaO 2 and PaCO 2 ), ppoFEV 1.0 (above or below the median of 1.4 L), duration of surgery (above or below the median of 330 minutes), volume of blood loss (above or below the median of 607.5 ml), operative procedures (pneumonectomy or bilobectomy vs. lobectomy or segmentectomy), combined resection of other organs, pathological stage (stage I or II vs. stage III or IV), and histological type of lung cancer (squamous cell carcinoma vs. others). For the univariate analyses, the overall survival for subgroups described above was statistically analyzed using KaplanMeier estimated survival curves, and the significance of the difference was analyzed by the log-rank test. For a multivariate analysis, the Cox proportional hazards model was used to examine the effect of significant risk factors based on the univariate analyses on survival. A p <0.05 was considered significant.
Results
Morbidity developed in 13 of the 38 patients (34.2%); pneumonia in 7, BPF in 3, and cerebral infarction, pyothorax, bronchopulmonary artery fistula, prolonged air leakage, and acute myocardial infarction each in 1 ( Table 1) . Treatment of BPF comprised 1 bronchial stump coverage with pedicled lattisimus dorsi flap after fenestration (patient 6), 1 bronchial stump resuture with pedicled omental flap (patient 9), and 1 bronchial stump resuture with pedicled intercostals muscle flap (patient 10). Of these, 1 patient died of lung cancer 37 months after surgery (patient 6). The other 2 patients were alive without tumor 20 and 41 months after surgery, respectively. The characteristics of 13 patients with morbidity and 25 without morbidity are shown in Table 2 . Four patients (10.5%) died during hospitalization caused by massive hemoptysis because of bronchopulmonary artery fistula 31 days after surgery (patient 2), acute myocardial infarction 16 days after surgery (patient 3), bilateral pneumonia 56 days after surgery (patient 4), and pneumonia and cerebral infarction 13 days after surgery (patient 7). Hemoglobin concentration before surgery and ppoFEV 1.0 were significantly low in patients with morbidity based on the univariate analyses (p = 0.0071 and p = 0.0056, respectively). PpoFEV 1.0 (odds ratio, 0.034; 95% confidence intervals, 0.001-0.832; and p value, 0.0381) was the significant risk factor based on a multivariate analysis.
Hemoglobin concentration before surgery and ppoFEV 1.0 were significantly low in patients with mortality based on the univariate analyses (p = 0.03 and p = 0.0398, respectively). But neither reached a significant level based on the multivariate analyses.
During the follow-up period, 14 patients (12 males and 2 females) and 8 patients (7 males and 1 female) of 34 patients died of lung cancer and other diseases. Eight patients (7 males and 1 female) were alive, and 4 male patients were unknown.
Univariate analyses of prognostic factors for the overall survival of patients without mortality revealed significant risk factors to be low serum albumin concentration, hemoglobin concentration, and PS before surgery, combined resection of other organs, and pathological stage (Table 3) . Low serum albumin concentration before surgery was significant, based on a multivariate analysis (Table 4) .
Discussion
Recent advances in operative techniques, anesthesia, and postoperative care have remarkably decreased the mor-bidity and mortality after surgery for lung cancer in Japan. 5) However, the present study revealed that surgery for lung cancer associated with postobstructive pneumonia still had high morbidity and mortality, and that ppoFEV 1.0 was the significant risk factor for morbidity based on a multivariate analysis. Lung cancer located at the proximal bronchus usually needs major lung resection, and in the present study, pneumonectomy and bilobectomy were performed in 40% and 29% of the patients, respectively. The morbidity and mortality in the pneumonectomy group were equivalent or higher than those in the lobectomy with bronchoplasty. [6] [7] [8] [9] Although it is recognized that patients with pneumonectomy most likely have more advanced stage disease, long-term survival and local control are significantly better when complete resection can be achieved by sleeve lobectomy. 8, 9) We performed bronchoplastic procedures in 5 cases. Recently, therapeutic bronchoscopy has been used for relieving large airway obstructions caused by tumors. 1, 10) It is reported to be a complementary tool in the combined bronchoscopic and surgical management of malignant airway obstruction before curative lung surgery and may permit parenchyma-sparing surgery.
11) Postobstructive pneumonia possibly could be improved early if the obstructed bronchus is recanalized. Therapeutic bronchoscopy could not only restore FEV 1.0 , but it makes PS before surgery better. Direct intratumoral injection with 5-fluorouracil for tumor regression is reported to reduce the size of tumors in most cases and increase the diameter of the airway lumen. 12) Future studies using various therapeutic modalities are expected to clarify the effectiveness in reducing morbidity and mortality after surgery for patients with lung cancer associated with post- obstructive pneumonia.
Preoperative hemoglobin concentration was the other risk factor for morbidity. Twenty-five patients (66%) had anemia before surgery. Twenty-four of them had normocytic normochromic anemia and 1 patient had microcytic hypochromic anemia. Only 4 patients had hemoptyses and hemosputa. Twenty-one patients had exacerbation of general conditions because of postobstructive pneumonia and lung cancer. There were no differences in volume of blood loss or transfusion during surgery between patients with and without morbidity (data not shown). Even patients with severe anemia were not transfused before surgery in the present study. It is suggested that a thorough treatment of postobstructive pneumonia with the antibiotics and transfusion for patients with severe anemia early before surgery are necessary for making general conditions better and reducing morbidity and mortality.
BPF developed most frequently after surgery in patients with lung cancer associated with postobstructive pneumonia. Three developed after pneumonectomy (2 after right pneumonectomy and 1 after left). We previously analyzed the risk factors predisposing to postpneumonectomy BPF in patients with lung cancer and found that right pneumonectomy, preoperative infection, and metastasis to a subcarinal lymph node were the risk factors for postpneumonectomy BPF (PBPF). 13) We further reanalyzed the risk factors for PBPF in a larger series, adding some risk factors reported recently, and found that preoperative infection, right pneumonectomy, and pathological N2 and N3 significantly contributed to the development of PBPF.
14) The lung is a common site of infection in patients with lung cancer, and postobstructive pneumonia, lung abscess, and occasionally empyema of mixed bacterial etiology are frequent. 15) Bronchial stump coverage with pedicled thymus and pericardial flaps are reported to be effective in preventing BPF. 16, 17) Treatment with the antibiotics and bronchial stump coverage are expected to clarify effectiveness in preventing BPF in patients with lung cancer associated with postobstructive pneumonia. 13, 14) In the present study, low serum albumin concentration, hemoglobin concentration, PS before surgery, combined resection of other organs, and an advanced pathological stage were poor prognostic factors. A combined resection was performed in all cases because of cancer invasion to the adjacent organ system. Combined resection of other organs and an advanced pathological stage were reported to have poor prognosis. 18) Busch and his colleagues reported that combined resection involving chest wall, poor nutritional status as measured by a history of weight loss and preoperative serum albumin levels, and the use of neoadjuvant chemotherapy were associated with an increased risk of any pulmonary complication, but they did not comment whether these risk factors influenced prognosis. 19) Combined resection of other organs, low serum albumin concentration, and PS before surgery were not significant risk factors for morbidity and mortality, and low serum albumin concentration, hemoglobin concentration, and PS before surgery were poor prognostic factors in the present study. It is suggested that low serum albumin concentration, hemoglobin concentration, and PS before surgery were caused mainly because of cachexia more than by postobstructive pneumonia, and compromised immunology against lung cancer led to poor prognosis.
